A procedure has been devised to isolate 3T3 mouse fibroblasts transformed by simian virus 40 (SV40) that express their transformed phenotype at low (320C) but not at high (390C) temperature. Three parameters typical of malignant growth in vitro: (a) high saturation density in culture, (b) ability to form colonies on monolayers of normal 3T3 cells, and (c) lack of contact inhibition of DNA synthesis, are temperature sensitive. These phenotypic changes are fully reversible. The serum requirement for growth appears to be largely unchanged by temperature. These cells seem to owe their behavior to a cellular, rather than to a viral, alteration since after fusion of the temperature-sensitive transformed cells with permissive monkey cells, a procedure that leads to rescue (i.e., multiplication of the virus), wild-type SV40 virus is produced.
Several lines of evidence demonstrate that the viral genome, or at least a portion of it, becomes part of the genetic material of SV40 or polyoma virus-transformed cells (1, 2) . Because of this fact, and because viral functions are necessary for the initial establishment of transformation (3) , it has generally been assumed that the continuing expression of viral gene(s) was also responsible for maintaining the cell in a transformed state. This hypothesis has recently found experimental support with the isolation of a temperature-sensitive mutant of polyoma virus that renders some of the properties of transformed cells temperature dependent (4, 5) . Most of the characteristics of Rous sarcoma virus-transformed cells also appear to be under the control of viral genes (6) .
To gain more information on the problem of which char- hibited, and then exposing the cell population to 5-fluoro-2-deoxyuridine (FdU), which is lethal to dividing cells (9, 10) , one could selectively kill all the wild-type transformants, but not the normal 3T3 cells. It was assumed that, under such conditions, possible temperature-sensitive transformants would have escaped killing, since at the high temperature they should have behaved like normal, untransformed cells.
The selection was applied to cells transformed by mutagenized virus. Since SV40 can easily be rescued from transformed cells (7, 8) , this procedure should enhance the chances of obtaining viral mutants affected in the genes for transformation.
In this paper we report the isolation and characterization of several SV40-transformed 3T3 cell lines, which by most in vitro criteria express their transformed phenotype at 32°C, but not at 390C. However, the virus rescued from these transformed cells seems to be completely normal with respect to both growth and transforming ability. This result suggests that the mutants described here are host-cell, rather than virus, mutants. Although numerous ts SV3T3 cell lines have been isolated, only those that have been fully characterized will be described. These lines are identified by a letter, followed by a number (e.g., Hi). Subelones are indicated by the line name, followed by a dash and a number (e.g., H-S15 (15) . We determined the colony-forming ability of our ts transformants on 3T3 monolayers at different temperatures: cells were plated on fully confluent 3T3 monolayers, and incubated at 39 or 320C. At the time when colonies had grown to be visible by eye, the cells were fixed and stained for colony counting. Table 2 shows the results. Whereas the colony-forming ability of SV40-transformed 3T3 control lines is about equal at both temperatures, the mutant lines have a much higher colony-forming ability at 320C t Ratio of increase in cell number in medium containing gammaglobulin-free serum over increase in cell number in medium containing normal serum.
than at 39CC. The few colonies given by the mutants at 390C were generally less dense than the colonies given by the wild type, or by the ts transformants at 320C (see Discussion).
The standard plating efficiency (on bare plates) was not affected by temperature, again indicating that these cells are temperature sensitive with respect to growth control, rather than growth per se. Serum Dependence. Normal 3T3 cells are strongly dependent on serum to grow, whereas SV40-transformed 3T3 cells grow well even in low concentrations of serum (16, 17) . In addition, a gammaglobulin-associated factor was shown to be necessary for the growth of normal, but not of transformed, 3T3 cells (17) . Therefore we tested the ability of the mutant cell lines to grow at th X two temperatures in medium containing gammaglobulin-free serum and in medium containing whole calfserum. Grom th was determined by measurement of the increase in cell number after a few days of incubation at 39 or 320C. (4, 16, 18) . As a result, DNA synthesis proceeds even in dense cultures. We examined the effect of cell density on the DNA-synthesizing activity of the ts transformants at 39 and 32°C. Cells of the ts H6 line were plated in medium containing [8H]thymidine. The amount of DNA synthesized was determined at 12-hr intervals. Fig. 2 shows that DNA synthesis decreases greatly at 390C after confluence is reached. At 320C, however, the cells continue to synthesize DNA beyond confluence. A similar conclusion was reached when the rate of DNA synthesis was determined by pulse labeling the cells for 2 hr with [14C]dT at various times before and after they reached confluence.
To determine the extent to which the effect of high temperature is reversible, the following experiment was done: H6-15 cells were incubated at 390C. 2 days after visible confluence was reached, the old medium was removed and new medium containing [3H]dT was added. Half of the cultures were then shifted down to 320C, while half were kept at 390C. The amount of DNA synthesized was determined at intervals. Fig. 3 shows that cells kept at 390C initially synthesized DNA at a slow rate, which approached zero by about 48 hr. At 320C the cells synthesized DNA at an increasing, but initially slower, rate than at 390C for the first 36 hr. By 48 hr, however, DNA synthesis had reached a constant rate, which was directly comparable to the rate observed in cells that never were exposed to 390C. This observation indicates a full reversibility of the effect of high temperature that is complete by about 48 hr after shift down. Similar results were obtained with ts H1 cells.
Chromosomes. It has been reported that a reduction in the tumorigenicity, and a partial reversion of cells originally transformed by SV40 or polyoma virus, is accompanied by a significant change in chromosome number (19, 20) . We therefore checked the chromosome number of ts H6 cells, growing at 390C and at 320C. A median number of 67 and 68 chromosomes, respectively, was found (all telo-or acrocentric). These values are close to the number of chromosomes of the parent 3T3 line. It seems, therefore, that no significant change in chromosome number occurred in the ts transformants.
Properties of the transforming viruses
Virus can be rescued from most SV40-transformed cells by means of fusion with permissive monkey cells (7, 8) . ts H6, ts H6-7, ts H1, and ts R10-3 were tested several times and shown to be free of infectious virus. These cells were fused with permissive BSC-1 cells and the virus was allowed to grow for about 10 days at 320C. Virus was rescuable from all the lines tested, but the yield varied greatly, depending on the line used. The ability of each rescued virus to multiply, establish transformation, and maintain the transformed state was then tested at both 39 and 320C and compared with that of wild-type SV40.
Lytic Growth. The plaque assay was used to test lytic growth. As compared to wild-type SV40, the four rescued virus stocks gave a similar number of plaques at both temperatures (Table 4) .
Transformation. If the rescued virus was unable to establish or maintain the transformed state at 390C, then no transformed colonies would be expected when the transforming ability was tested at 390C. If, instead, the virus was only impaired in its ability to establish transformation at 390C, transformed colonies should appear in plates that were kept at 320C and then shifted to 390C after a suitable period of time.
When tested for these properties, however, the four rescued The fact that our ts transformants appear quite independent of the requirement for serum at both temperatures is reminiscent of the observation that the phenotypic "flat" revertants of SV4{-transformed cells that have regained contact inhibition of growth, still exhibit independence of the requirement for serum (16, 17) . Also, the polyoma ts3-transformed cells are independent of serum requirement at the nonpermissive temperature (4 (4, 5) . It is possible that such mutants occur with very low frequency. Therefore, they cannot be isolated by our selection method because of the relatively high number of spontaneously occurring cellular ts transformants. We are trying to isolate additional ts transformants in an attempt to answer this question.
If our ts transformants are indeed host mutants, the temperature sensitivity of the phenotypic change suggests the involvement of a specific protein of the host-cell. As for the mechanism of the postulated change, in the ts transformants a reversible event must occur at 390C that effectively blocks the interaction of viral and cellular functions that ordinarily result in malignant cell growth. If the role of the viral gene(s) responsible for transformation lies in switching off some of the normal cellular controls, one could think of a repressorinducer type of interaction, the viral product being the inducer, which can bind to the cellular repressor at 320C, but not at 390C, because of altered repressor characteristics. Alternatively, the ts transformed cells might have developed a way of suppressing the expression of viral functions at 390C. The fact that T-antigen synthesis in our cells is not affected by temperature, and viral mRNA synthesis seems also to proceed at both temperatures (unpublished results) makes us favor the first type of interpretation.
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